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PROBLEM TO BE SOLVED: To provide a molding die for an optical element, which enables the shape of an 
optical element with a polyhedral body and a free curved face, which cannot be realized by any conventional 
grinding work, to repeatedly be press-formed and also to precisely be transferred regardless of a glass 
species or a molding condition; to provide a producing method for the die; to provide a free-curved-face, 
polyhedral-body optical element. 

SOLUTION: The optical element molding die has a transfer-face for forming an optical element on a part of 
a base material. The producing method for the die comprises a transfer process wherein a transfer is 
conducted onto the surface of a transfer-material by using a matrix cut and processed into a shape inverse 
to that of the transfer-face after the transfer-material is formed on the base material, a process wherein the 
transfer-material is cured, an etching process wherein the transfer-material and the base material are 
subjected to dry etching and the transfer-shape is engraved on the base material, a process wherein an 
intermediate layer and a surface layer are formed on the surface of the base material etched. The optical 
element molding die obtained by the above producing method is provided and the free-curved-face, 
polyhedral-body optical element is also provided. 
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CLAIMS ^ 

[Claim(s)] 

[Claim 1] The manufacture method of the type for optical-element molding characterized by 
providing the following. The imprint process which is the type for molding which has an imprint side 
for casting an optical element to some base materials, and performs the imprint to the front face of 
imprint material using the matrix by which cutting was carried out to the configuration of the 
reverse configuration corresponding to an imprint side after forming imprint material on this base 
material. The process which hardens this imprint material. The etching process which performs dry 
etching to this imprint material and a base material, and carves and copies an imprint configuration 
to the above-mentioned base material. The process which forms an interlayer and a surface layer in 
the aforementioned base material front face on which it **********ed. 

[Claim 2] The manufacture method of the type for [ according to claim 1 ] optical-element molding 
by which cutting was carried out to the configuration where the matrix by which cutting was carried 
out to the configuration of the reverse configuration corresponding to an imprint side amended the 
field change by etching beforehand. 

[Claim 3] The manufacture method of the type for [ according to claim 1 or 2 ] optical-element 
molding that equal polish processing of the base material front face was carried out after the 
etching process. 

[Claim 4] The manufacture method of the type for [ according to claim 1 to 3 ] optical-element 
molding that the matrix by which cutting was carried out to the configuration of the reverse 
configuration corresponding to an imprint side is a metal easily processible [ with a diamond tool ]. 
[Claim 5] The manufacture method of the type for [ according to claim 1 to 4 ] optical-element 
molding that a base material is the cemented carbide or the quartz which makes tungsten carbide 
(WC) a principal component, imprint material is a photoresist, thermosetting resin, or thermoplastics, 
an interlayer is carbide, a metaled nitride, or a metaled charcoal nitride, and a surface layer is a 
hard-carbon film or a noble-metals system alloy film. 

[Claim 6] The manufacture method of the type for [ according to claim 1 to 5 ] optical-element 
molding which forms imprint material after forming the etching adjustment layer which consists of an 
oxide of a metal with which imprint material and an etch rate become equal, and this metal on a 
base material. 

[Claim 7] The manufacture method of the type for [ according to claim 1 to 6 ] optical-element 
molding which forms imprint material after performing a base material even for an approximation 
configuration by the electron discharge method, the grinding process, etc. 

[Claim 8] The manufacture method of the type for [ according to claim 1 to 7 ] optical-element 
molding that a matrix is the sculptured surface by which equal polish was carried out after cutting. 
[Claim 9] The manufacture method of the type for [ according to claim 1 to 8 ] optical-element 
molding combined so that the configuration of a request of the matrix of plurality [ matrix ] might be 
acquired. 

[Claim 10] Type for optical-element molding characterized by being manufactured by the 

manufacture method of the type for [ according to claim 1 to 9 ] optical-element molding. 

[Claim 11] The sculptured-surface polyhedron optical element characterized by being cast using the 

type for optical-element molding manufactured by the manufacture method of the type for 

[ according to claim 1 to 9 ] optical-element molding. 
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DETAII^I^DE^ 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the mold used for 
manufacturing the optical element which consists of glass, such as a lens and prism, with high 
precision by press molding of a glass material, and its manufacture method. 
[0002] 

[Description of the Prior Art] The technology of not needing a polish process but manufacturing a 
lens by press molding of a glass material abolishes the complicated process needed in the 
conventional manufacture, makes it possible to manufacture a lens simply and cheaply, and came to 
be used for the manufacture of an optical element which consists of glass of not only a lens but 
prism and others in recent years. 

[0003] As a property required of the mold material used for press molding of the optical element of 
such glass, excelling in a degree of hardness, oxidation resistance, thermal resistance, a mold- 
release characteristic, mirror-plane processability, etc. is mentioned. Conventionally, many 
proposals are made for the material which coated a metal, ceramics, and them as this kind of mold 
material. To the oak and JP,49-51 1 12,A which give some examples, 13Cr martensitic stainless steel 
SiC and Si3N4 to JP,59-121126,A at JP,52-45613,A TiC and the metaled charge of an admixture To 
JP,60-246230,A, the material which coated cemented carbide with noble metals Moreover, the 
material which coated JP,61-183134,A, JP,61-281030,A, and JP,1-301864,A with the diamond thin 
film or the diamond-like carbon film, and coated JP,64-83529,A with the hard-carbon film is 
indicated. 

[0004] However, in the conventional die materials, what satisfies all of a degree of hardness, 
oxidation resistance, thermal resistance, a mold-release characteristic, and mirror-plane 
processability is not obtained. 

[0005] For example, 13 martensitic stainless steels tend to oxidize and have the fault which Fe is 
further spread in glass at an elevated temperature, and colors glass. 

[0006] Moreover, SiC, Si3N4, TiC, a diamond thin film, a diamond-like carbon film, and a hard-carbon 
film have the very hard degree of hardness of material, and a mechanical strength is difficult to be 
inferior to processability and to process a highly precise mold configuration, although excelled. 
Furthermore, in SiC, Si3N4, and TiC, oxidization takes place at an elevated temperature and weld of 
glass arises. 

[0007] Moreover, although it is common to process it on a cemented carbide base material in the 
mold which coated the noble-metals thin film, the diamond thin film, the diamond-like carbon film, or 
the hard-carbon film, using a diamond wheel as a means to process cemented carbide, it has the 
fault of not being processible into the small spherical surface or the small sculptured surface of 
curvature. A sculptured surface here is a field containing the aspheric surface symmetrical with a 
non-shaft. 

[0008] As these remedies, on a cemented carbide base material as a cutting layer which can carry 
out precision processing easily The 3 yuan alloy which contains a non-electrolyzed nickel-P plating 
film in JP,3-23230,A, and contains P in JP,7-41326,A (P-nickel) Co, Ffe-Si, Ti, Cu, Zr, Nb, Mo, Ru, 
Ph, Pd, Spatter membrane formation of Hf, Ta, W, Re, Os, and the Ir is carried out, cutting is 
performed with a required diamond tool to this cutting layer, an imprint side is formed, and the 



method of carrying out spatter membrane formation of the alloy thin film of a noble-metals system 
on this processing layer is indicated. j 

[0009] However, neither a non-electrolyzed nickel-P plating film nor the spatter film of a ternary 
alloy has sufficient adhesion, but has **** of molding conditions or glass, and the fault that a crack 
especially arises with high-melting point glass at a cutting layer at the time of repeat press molding, 
or a base material and a cutting layer exfoliate. 

[0010] Moreover, as a mold which imprints the detailed configuration of a diffraction grating etc., by 
JP,6-279036,A, although the configuration of the request of Si or Si02 by FOTORISO and dry 
etching as a processing layer is processed or processing a base material into a desired configuration 
by FOTORISO and dry etching in JP,10-337734,A using a resist is indicated instead of the cutting 
layer, it has the fault that **** and a configuration are limitejd. 

[0011] Moreover, it considers as the optical element which processes the detailed configuration of a 
diffraction grating etc. directly, and in JP,8-43605,A, although a desired configuration is processed 
by the replica and dry etching or processing a resist into the configuration of the request by dry 
etching after cutting in JP,9-243812,A is indicated, a configuration is limited or it has the fault that 
productivity is low. 
[0012] 

[Problem(s) to be Solved by the Invention] The purpose of this invention cancels such a 
conventional technical problem, and in the conventional grinding process, even if it performs repeat 
press molding for an optical element with the configuration of a polyhedron sculptured surface which 
has not been realized irrespective of**** of molding conditions or glass, it is to offer the type for 
optical-element molding which a configuration imprints precisely and its manufacture method, and a 
sculptured-surface polyhedron optical element. 

[0013] Another purpose of this invention is to offer [ many molds of the same configuration are 
needed, and ] the manufacture method of the type for optical-element molding that one apparatus 
of the same configuration can be manufactured promptly and cheaply to such a case, since 
adjustment time especially immense about mold combination! in dispersion between molds arising in 
the case of the assembled die which combined two or more molds in polyhedron molding was 
required, when mass-producing an optical element. 
[0014] 

[Means for Solving the Problem] It is the type for molding which has an imprint side for casting an 
optical element to some base materials according to this invention. The imprint process which 
performs the imprint to the front face of imprint material using the matrix by which cutting was 
carried out to the configuration of the reverse configuration corresponding to an imprint side after 
forming imprint material on the aforementioned base material, The manufacture method of the type 
for optical-element molding of having the process which hardens the above-mentioned imprint 
material, the etching process which performs dry etching to the above-mentioned imprint material 
and a base material, and carves and copies an imprint configuration to the above-mentioned base 
material, and the process which forms an interlayer and a surface layer in the aforementioned base 
material front face on which it **********ed is offered. 

[0015] Moreover, according to this invention, the type for optical-element molding manufactured by 
the manufacture method of the type for [ above-mentioned ] optical-element molding is offered. 
[0016] Furthermore, according to this invention, the sculptured-surface polyhedron optical element 
cast using the type for optical-element molding manufactured by the manufacture method of the 
type for [ above-mentioned ] optical-element molding is offered. 
[0017] 

[Embodiments of the Invention] It is the type for molding which has an imprint side for casting an 
optical element to some base materials in this invention. The imprint process which performs the 
imprint to the front face of imprint material using the matrix by which cutting was carried out to the 
configuration of the reverse configuration corresponding to ah imprint side after forming imprint 
material on the aforementioned base material, It has the process which hardens the above- 
mentioned imprint material, the etching process which perfonms dry etching to the above-mentioned 
imprint material and a base material, and carves and copies an imprint configuration to the above- 
mentioned base material, and the process which forms an interlayer and a surface layer in the 



send them by equal polish, and they need to remove marks. Adjustment of etching conditions 
becomes [ that cutting was carried out to the configuration which amended the field change by 
etching beforehand as a reverse configuration of an imprint side ] easy. Moreover, in this invention, 
an imprint side configuration is applied also to the combination of not ** limited to a sculptured 
surface but the spherical surface, the aspheric surface, a diffraction grating, etc. Moreover, sine 
the mold-release characteristic on the front face of a matrix is improved, mold release films, such 
as a metal thin film, can be formed for the front face of matrices 21, 22, and 23 by the well-known 
method, or mold release processing can be performed. 

[0029] (b) and (c) are imprint processes. The imprint material 3 which is in an elasticity state is 
formed on a base material 1, the matrix which unified 21, 22, and 23 is forced on imprint material, 
imprint material is hardened, and a matrix is separated. In using the ultraviolet-rays hardening resin 
which is a photoresist as imprint material, ultraviolet radiation is irradiated and it stiffens it. When 
using a thermosetting material, it is made to harden by heating as imprint material, and the shape of 
surface type which forces matrices 21, 22, and 23 is imprinted, softening imprint material by heating, 
in using thermoplastics. 

[0030] Then, if the etching process which performs dry etching of an anisotropy to the imprint 
material 3 and a base material 1, and carves and copies the sculptured-surface configuration of the 
3rd page of the front face of the imprint material 3 to a base material 1 is carried out from this 
state, as shown in (d), the optical-element molding type which has the desired sculptured-surface 
configuration of the 3rd page will be obtained. 

[0031] Generally, if physical etching is easy to control and control of an etch-rate ratio is moreover 
made the same to the same start configuration compared with chemical etching, the same request 
configuration is always acquired and it is excellent in repeatability. Therefore, an etching process 
has well-known physical desirable etching of efficient consumer response, RIE, low voltage high- 
density plasma, etc. The anisotropic etching in an etching process can carve and copy to a matrix 
the configuration formed in the front face of imprint material in congruent as it is, if the velocity 
ratio of etching of imprint material and a base material is made equal. It considers as the means 
which makes equal the velocity ratio of etching of imprint material and a base material, and the 
hardening conditions of imprint material are controlled or it is attained by optimizing the combination 
of etching gas, such as rare gas (Ar etc.), carbon fluoride system gas (CF4 grade), chlorine-based 
gas (CI2 grade), or oxygen gas (02), a flow rate, etc. Moreover, by removing a base material front 
face after an etching process with the performance of the optical element demanded, and removing 
minute irregularity by equal polish ******, when especially a mold base material is cemented 
carbide, mirrors-plane nature can be increased. 

[0032] The type for optical-element molding is producible by forming carbide, a metaled nitride, or a 
metaled charcoal nitride in respect of adhesion with a surface layer as an interlayer on a mold base 
material, being the field of a mold-release characteristic with glass, and forming a hard-carbon film 
or a noble-metals system alloy film as a surface layer, on an interlayer, further, at the above 
process, since the moldability of a glass mould will be increased, if the configuration of a request of 
the mold base material 1 is acquired. 

[0033] As mentioned above, according to the manufacture method of the type for optical-element 
molding of this invention, by the conventional grinding process, even if it performed repeat press 
molding for the optical element with the configuration of a polyhedron sculptured surface which has 
not been realized irrespective of **** of molding conditions or glass, it became possible to offer the 
mold which a configuration imprints precisely. Moreover, if the process mentioned above is repeated, 
it becomes possible to offer one apparatus of the same configuration promptly and cheaply, and 
dispersion between the molds in the case of being an assembled die will be lost, and immense 
adjustment time will become unnecessary at mold combination. 
[0034] 

[Example] A concrete example is given to below and this invention is explained more to it at a 
detail. 

[0035] (Example 1) 1 [ of drawing 1 ] of (a1) is a type base material for optical-element molding 
made from cemented carbide with the 3rd page of the imprint side of a sculptured surface which 
makes a principal component the tungsten carbide (WC) which processed the approximation 



configuration by the electron discharge method. As it corresponds to a sculptured-surface 
configuration imprint side individually, respectively, 21, 22, and 23 of (a2) are cutting and the matrix 
made from an oxygen free copper by which equal polish was carried out in a diamond tool at the 
configuration which amended the field change by etching beforehand. [ of drawing 1 ] 
[0036] (b) of drawing 1 and (c) are imprint processes. The imprint material 3 made of thermosetting 
resin which is in an elasticity state is formed on a base material 1, the matrix which unified 21, 22, 
and 23 is forced on imprint material, heat hardening of the imprint material is carried out, and a 
matrix is separated. 

[0037] Next, as dry etching of an anisotropy was performed to the imprint material 3 and a base 
material 1, the etching process which carves and copies the sculptured-surface configuration of the 
3rd page of the front face of the imprint material 3 to a base material 1 was carried out and it was 
shown in (d) from this state, the optical-element molding type which has the desired sculptured- 
surface configuration of the 3rd page was obtained. This dry etching used Ar gas and CF4 gas as 
etching gas using the reactive etching system. The quantity-of-gas-flow ratio was taken as 
Ar/CF4=3/1, and the pressure of 0.5Pa. 

[0038] Next, equal polish processing is performed for the field where it **********ed. 

[0039] The typical cross section of the type for optical-element molding of this invention is shown 

in drawing 2 . 

[0040] Ti target is used for the field where equal polish processing of the cast type base material 41 
was carried out, and the interlayer 42 of TiN is formed in it by 1 micrometer of thickness by the 
reactant spatter, using nitrogen gas as introductory gas. 

[0041] Next, 100nm of surface layers 43 of a hard-carbon film is formed by the ion beam vacuum 
deposition on this interlayer 42. 

[0042] The process described above and the same process are repeated and 3 die making of the 
isomorphism-like mold is carried out. Moreover, the same process is repeated for the mold of an 
opposite side, and 4 die making of the isomorphism-like mold is carried out. 

[0043] The cast also with after [ good ] the place which performed 4 sets of glass molding (HOU 
silicic acid system glass) of polyhedron sculptured-surface prism using the continuation briquetting 
machine using these molds, which mold, and 3000-shot molding was obtained, and degradation of an 
imprint side was not observed, either. Moreover, the configuration variation between the molds of a 
cast was not produced, either. 

[0044] (Example 2) In the example 1, the type base material 1 for optical-element molding was used 
as the quartz, the imprint material 3 was made into ultraviolet-rays hardening resin, and the type for 
optical-element molding was manufactured like the example 1 except making a quartz base material 
penetrate ultraviolet rays for the hardening method of this imprint material, and performing 
hardening and an imprint process. 

[0045] The cast also with after [ good ] the place which performed 4 sets of glass molding (HOU 
silicic acid system glass) of polyhedron sculptured-surface prism using the continuation briquetting 
machine using these molds, which mold, and 3000-shot molding was obtained, and degradation of an 
imprint side was not observed, either. Moreover, the configuration variation between the molds of a 
cast was not produced, either. 

[0046] (Example 3) In the example 1, the imprint material 3 was made into thermoplastics, imprint 
material was heated, pressing a matrix to the imprint material which is a solid state about the 
hardening method of this imprint material, the configuration was imprinted in the state of softening, 
and the type for optical-element molding was manufactured like the example 1 except stopping a 
heating state and fixing a deformation state after that. 

[0047] The cast also with after [ good ] the place which performed 4 sets of glass molding (HOU 
silicic acid system glass) of polyhedron sculptured-surface prism using the continuation briquetting 
machine using these molds, which mold, and 3000-shot molding was obtained, and degradation of an 
imprint side was not observed, either. Moreover, the configuration variation between the molds of a 
cast was not produced, either. 

[0048] (Example 4) In the example 1, the type for optical-element molding was manufactured like 
the example 2 except forming the titanium and the tantalum which were shown in Table 1 instead of 
forming an interlayer' s 42 TiN film, chromium or the carbide of silicon, a nitride, or a charcoal nitride. 



It was equivalent to the grout and example 1 which measured this type of glass moldability 

[0049] 

[Table 1] 



Si 





nam 


TiC 




TiCN 




TaN 




TaC 




CrN 




SiC 




SiN 





[0050] (Example 5) In the example 1, the type for optical-element molding was manufactured like 
the example 1 except forming the 2 yuan or more alloy of the combination of Pt, Pd, Ir, Rh, Os ( Ru, 
Re, Au, W, and Ta shown in Table 2 instead of forming the hard-carbon film of a surface layer 43 by 
0.5-micrometer thickness. It was equivalent to the grout and example 1 which measured this type of 
glass moldability. 
[0051] 
[Table 2] 



^2 







Pt-Ir 




Ru.-Ir 




Rh-Ir 


Bktt 




m 


Oa-Ir 




Re-lr 




Rc-Ir-Au 


Mi 


Ik— Ir— Au 




Rv-Ft 


m 


Rh-Pt 




Pd-Pt 




Os-Pt 




Re-Pt 


BUFF 


W-Pt-Au 




Ta-Pt-Au 




Rh— Ru 




Pd-Ru 




Oa-Ru 




Re— Ru 




W-Ru-Au 




Tk-Ru-Au 


Mi 



[0052] Although the component was respectively changed in the interlayer and the surface layer in 
the example of this invention, it cannot be overemphasized that the same effect is acquired also in 
such combination. 

[0053] (Example 6) In the example 1, when forming an interlayer 42, the type for optical-element 
molding was manufactured like the example 1 except forming TiN by carrying out heating 
evaporation of the metal Ti with an electron gun, and carrying out ion plating in nitrogen plasma. 
[0054] The place which performed glass molding (HOU silicic acid system glass) using the 
continuation briquetting machine, and the cast also with after [ good ] 3000-shot molding were 
obtained in this mold, and degradation of an imprint side was not observed, either. 
[0055] (Example 7) In the example 1, the type for optical-element molding was manufactured like 
the example 1 except forming Si02 by 1 -micrometer thickness by the spatter as an etching 
adjustment layer on a base material 1. 

[0056] The place which performed glass molding (HOU silicic acid system glass) using the 
continuation briquetting machine, and the cast also with after [ good ] 3000-shot molding were 
obtained in this mold, and degradation of an imprint side was not observed, either. 
[0057] (Example 8) In the example 7, although the type for optical-element molding was 
manufactured as an etching adjustment layer using the etching gas corresponding to the quality of 



the material and it which showed in Table 3 instead of, the same effect as Si02 was acquired 

[Si02] 

[0058] 

[Table 3] 



S3 







Si 


CF 4 -0 2 -Ar 


Cr 






CCl4-0 4 -Ar 


Ti 


CF 4 -0 E -Ar 


•no a 






CP,-0 2 -Aj- 


Ta,O s 





[0059] (Example 9) In the example 1, the type for optical-element molding was manufactured like 
the example 1 except making the quality of the material of matrices 21, 22, and 23 into aluminum 
and phosphor bronze. 

[0060] The cast also with after [ good ] the place which performed 4 sets of glass molding (HOU 
silicic acid system glass) of polyhedron sculptured-surface prism using the continuation briquetting 
machine using these molds, which mold, and 3000-shot moldihg was obtained, and degradation of an 
imprint side was not observed, either. Moreover, the configuration variation between the molds of a 
cast was not produced, either. 
[0061] 

[Effect of the Invention] As mentioned above, according to the manufacture method of the type for 
optical-element molding of this invention, by the conventional grinding process, even if it performed 
repeat press molding for the optical element with the configuration of a polyhedron sculptured 
surface which has not been realized irrespective of**** of molding conditions or glass, it became 
possible to offer the type for optical-element molding which a configuration imprints precisely. 
Moreover, when repeating the process mentioned above, it became possible to offer the 
manufacture method of the type for optical-element molding ;that one apparatus of the same 
configuration can be manufactured promptly and cheaply, and adjustment time immense about 
dispersion between the molds in the case of being an assembled die and mold combination became 
unnecessary. 



[Translation done.] 



* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the ** type process processing view of the type for optical-element molding of this 
invention. 

[Drawing 2] It is the typical cross section of the type for optical-element molding of this invention. 
[Description of Notations] 
1 41 Cast type base material 
21, 22, 23 Matrix 
3 Imprint Material 

42 Interlayer 

43 Surface Layer 
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